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. At our institution, we have been carrying out a prospective study of the cardiac alterations in children infected with HIV 2 . Thanks to the protocols for preventing vertical transmission adopted in our country, we have observed an up to 70% reduction in infected children [3] [4] [5] . A prospective multicenter study showed that in children with changes in heart size and heart function, a reduction in survival was observed independent of other variables 6 . Our study aimed at prospectively assessing the cardiac alterations in these patients, following their evolution with the use of the medication, including the antiretroviral agents, and at comparing data obtained in children receiving new combinations of medication.
Methods
We prospectively studied 47 children followed up at the Hospital Universitário Antônio Pedro, in the city of Niterói, from January 1993 to December 2000. They were divided into 3 groups as follows: group 1 -comprising the first 20 patients, whose ages ranged from 6 months to 12 years (median of 36 months), treated only with the antiretroviral agent zidovudine; group 2 -comprising 10 patients with ages ranging from 4 months to 7 years (median of 30 months) diagnosed before December 1995, who initially received only zidovudine and then a combination of that drug and another with the same finality; group 3 -comprising 17 children aged from 1 to 10 years (median of 2 years), who were the most recent patients, diagnosed after January 1996, and who received a combination of 2 or 3 antiretroviral drugs since the beginning. The criterion for the use of these drugs followed the recommendations of the Ministry of Health 7 . Replacement of the drugs was required on several occasions due to intolerance or lack of appropriate response. The most frequently used . The laboratory tests for diagnosing AIDS were as follows: ELISA -VIDAS system -Biolab, which uses the enzyme-linked fluorescent immunoassay (ELFA) for detecting HIV 1 and 2; and the AXSYM-Abbot system, which is a microparticle immunoassay technique that uses recombinant antigens derived from 3 proteins of HIV 1 and 2. When positive twice, the Western Blot method was used for confirmation.
We used the revised classification system of human immunodeficiency virus infection in children of the Centers for Disease Control and Prevention (CDC) in Atlanta, 1994 8 , for assessing clinical and immunologic signs.
The protocol for semestral cardiological evaluation comprised a clinical examination performed by the pediatric cardiology staff, chest radiographies, echocardiography, and Doppler two-dimensional echocardiography (ESAOTE 5000 device) every 6 months. These procedures were repeated due to infectious intercurrences or worsening of the cardiac symptoms. Thickness of the walls and cavitary diameters were measured, and ventricular mass, and ejection and shortening fractions were calculated 9 . An ejection fraction > 60% and a systolic shortening of the left ventricular diameter > 30% were considered normal. An autopsy was performed in all patients who died.
The patients in groups 2 and 3 also underwent measurement of the viral load and CD4 and CD8 lymphocyte count according to the NASBA-NUCLISENS method, through an agreement with the Miguelote Vianna Laboratory of the State Secretariat of Health.
Follow-up in the different groups was as follows (in months): group 1 -30, group 2 -72, and group 3 -36.
The statistical analysis was performed with the nonparametric chi-square test.
Results
Of the 20 children in group 1,19 were infected via vertical transmission and only 1 patient via blood transfusion. In that group, 13 (65%) were considered index cases. In group 2, all the 10 patients acquired the infection from the mother, and 3 (30%) were index cases. In group 3, of the 17 children, only 1 acquired HIV via transfusion, and 10 (60%) were index cases. Of the 45 children who received the virus via vertical transmission, 26 (57%) were index cases. The most common clinical alterations are shown in table I. The first 5 signs or symptoms prevailed in the 3 groups: undernutrition, crises of diarrhea, repeated pneumopathies, anemia, and hepatosplenomegaly. Undernutrition and the crises of diarrhea were more frequent in group 1 than in the other groups with a statistically significant difference (p<0.01 and p<0.05, respectively).
The HIV viral load analysis prior to and after the antiretroviral treatment during the follow-up of the children was useful for guiding the change in medication.
The antiretroviral agents were used as follows. In group 1, all the 20 patients received only AZT. In group 2, all the 10 patients initially received AZT, DDI being added after 6 to 8 months. Of these patients, 6 (60%) failed to respond, and 2 (20%) patients received the combination of D4T and 3TC, with which they remained during a mean period of 48 months. Two other (20%) patients received the combination of D4T, 3TC, and ritonavir during a mean follow-up of 52 months. Two children (20%) received AZT, DDI and nevirapine for a mean observation period of 50 months. The 17 patients in group 3 received from the beginning a combination of medications as follows: 8 (47%) patients received AZT, 3TC, and nelfinavir, and the other 9 (53%) received D4T, DDI, and nelfinavir (follow-up ranging from 18 to 24 months). The control of opportunistic infections with immunoglobulins was irregularly performed in only 8 patients in group 1 due to a failure in acquiring the medication. It was regularly performed in 7 children in group 2 and in 9 children in group 3, and was indicated when hypogammaglobulinemia was detected on laboratory tests. Ganciclovir, indicated when cytomegalovirus infection was confirmed, was administered to 3 patients in group 1, to 2 patients in group 2, and to 1 patient in group 3.
On cardiovascular examination, the following findings were frequent in the 3 groups: tachycardia at rest, systolic murmur in the left sternal margin, propulsive ictus, heart failure, increased cardiothoracic index, and muffled heart sounds when moderate to intense pericardial effusion occurred (tab. II). Comparing these findings, a significant difference between groups 1 and 3 was observed in regard to tachycardia at rest (p<0.01). The other data did not show the same importance.
The most common electrocardiographic findings in all groups were alterations in ventricular repolarization asso- ciated or not with sinus tachycardia. In group 1, these alterations were more frequent (tab. III), and a statistically significant difference was observed between groups 1 and 3 in regard to repolarization alterations and sinus tachycardia with left ventricular overload (p<0.05). In group 3, normal echocardiograms were significantly more common than in the other groups (p<0.05). An abnormal echocardiogram was found in 50% of the patients in group 1. Left ventricular systolic dysfunction was the most frequent abnormality in all groups, and, in several patients, it was associated with pericardial effusion or cavitary dilation (tab. IV). The 10 patients in group 1 with systolic dysfunction had ejection fractions between 26 and 40% (mean of 34.1%; SD of 5.1). The 4 patients in group 2 with abnormalities had an ejection fraction ranging from 27 to 41% (mean of 33.7%; SD of 5.06), and the 4 patients in group 3 with abnormalities had an ejection fraction ranging from 31 to 48% (mean of 34%; SD of 2.94). The comparison between groups 1 and 3 showed a statistically significant difference in regard to systolic dysfunction associated with an increase in the diameter of the left cavities, more frequent in group 1 (p<0.05). In some patients, the parameters of diastolic function assessed were normal.
The treatment of congestive heart failure was the same in all cases: diuretics, captopril, and digitalis. Patients with significant pericardial effusion underwent diagnostic puncture and surgical drainage, when necessary.
Improvement in the clinical signs of congestive heart failure were observed in 4 patients in group 1, which was confirmed by the elevation in the ventricular function parameters and by the electrocardiographic alterations. Three (15%) children in group 1 and 1 (10%) child in group 2 remained with sinus tachycardia associated with an alteration in ventricular repolarization. One patient in group 3 remained with supraventricular extrasystole. The subsequent echocardiographic findings in patients in group 1 were as follows: of the 10 patients with systolic dysfunction, 3 (30%) had a significant improvement in the parameters, and 1 (10%) had them normalized. The evolution was unfavorable in 6 patients; clinical and echocardiographic worsening was observed in 2 (20%) patients who died. The myocardial histological findings in these 2 patients showed only alterations compatible with metabolic disorder. Two (20%) children died due to myocarditis, 1 caused by Toxoplasma gondii, and the other by disseminated cytomegalovirus infection (CMV). The echocardiogram in both children showed thickening of the septum and the left ventricular posterior wall. Two other children died due to other causes: 1 had pneumonia caused by Pneumocystis carinii and another had sepsis caused by Candida. In group 2, the 4 (100%) patients normalized their ventricular dysfunction, which also happened with the patients in group 3 (tab. V). One child in group 2 died, but an autopsy was not performed. All group 3 children continue on ambulatory followup; none of them have died so far.
Discussion
Vertical transmission was observed in 95% of our patients, and this is a frequent finding in most case series 1,10,11 . The mother-child HIV transmission rate, when no prevention occurs during pregnancy, ranges from 20 to 40%, and, LSM-left sternal margin; CHF-congestive heart failure; NYHA-New York Heart Association; RX-chest X-ray. with the correct use of AZT, it ranges from 2 to 5% 5, 12 . In this study and in the one previously reported 2 , several children were index cases, and, therefore, did not receive protection.
In regard to clinical manifestations, the patients receiving only AZT (group 1) had more complications or opportunistic infections than those receiving the combined therapy. The combination of drugs is known to be more effective in the control of viral replication 13, 14 . Children in group 1 also had more cardiac alterations. Twenty-five per cent of them had signs of congestive heart failure during hospitalization. Several factors may have accounted for congestive heart failure. The human immunodeficiency virus itself may be isolated in the myocardium 15 . The drugs used in the treatment, such as AZT and DDI, are considered cardiotoxic, although worsening of cardiac symptoms have not been reported in children after their use so far 16, 17 . Undernutrition, which was more frequent in group 1, might have contributed to the greater incidence of echocardiographic alterations, because poor absorption, electrolyte imbalance, and deficiency in oligoelements are directly or indirectly associated with cardiomyopathy [17] [18] [19] . Opportunistic infections, mainly CMV, and those caused by Toxoplasma gondii, Pneumocystis carinii, and Mycobacterium, may directly or indirectly account for the cardiac manifestations 20, 21 . Several studies reported that severe infections may lead to the release of cytokines, which reduce cardiac work and ejection fraction, improving congestive heart failure 22, 23 . Some authors showed that cytokines, such as the interleukins (IL-1, IL-6, and IL- 10) and TNF-α, have a negative inotropic effect, altering the homeostasis of intracellular calcium and inducing the production of nitric oxide, which depresses cardiac function and promotes apoptosis 24, 25 . The electrocardiographic findings are unspecific; they may be found in myocarditis or dilated cardiomyopathy of other causes, and comprise alterations in ST segment and T wave 19, 20 . In our patients, the echocardiogram provided important information for the correlation of the clinical data of congestive heart failure and its outcome. The findings of left ventricular dysfunction with dilation of the cavities, usually associated with pericardial effusion, are also the same as previously reported 2, 6, 17 . In group 1, 50% of the patients had important alterations, and only 40% improved with treatment (drugs for congestive heart failure and those specific for infections). In the other groups, a 100% improvement was observed after the same treatment; the difference was the use of antiretroviral agents and the better approach to the opportunistic infections. Some patients in group 1 died due to myocarditis or worsening of the clinical and echocardiographic findings. Lipshultz et al 6 studied 193 children infected with HIV and reported that shortening fraction and thickening of the wall are the 2 parameters considered risk factors for mortality independent of the other clinical variables and CD4 count. Two of our patients with fatal myocarditis also had thickening of the left ventricular walls.
Pericardial effusion, including that in combination with cardiac tamponade, was a frequent finding in our study, occurring in approximately 22% of our patients 17 . It may be related to opportunistic infections, but sometimes its cause is unknown. Effusion is part of the diffuse serous process involving the peritoneum and pleura, due to capillary overflow consequent to an increase in cytokines, mainly TNF-α 26 .
The drug regimens of inhibitors of viral replication used abided by the recommendations of the Ministry of Health 7 . The first drug approved for children, AZT, was used for the patients in group 1. In the 1990s, DDI was also approved for pediatric use, and the 2 drugs were combined for group 2 patients, as recommended to reduce resistance 27 . The most recent patients received triple therapy, whose indication is guided by clinical and laboratory findings, using the classification of the CDC (1994) for children in the A3, B2, B3, C1, C2, and C3 categories 7 . Triple therapy has been much more effective in controlling the disease; it increases the percentage of CD4 lymphocytes and reduces the HIV viral load 28, 29 .
Children with hypogammaglobulinemia were treated with human immunoglobulin, except some in group 1, whose treatment was not as regular as that in the other 2 groups, because of failure in acquiring the medication. In the beginning of the 1990s, passive immunization with immunoglobulin was reported to reduce HIV viral load in the blood stream to levels that could not be detected by the PCR technique 30 . Immunoglobulins monthly administered also lead to an improvement in ventricular dysfunction, decreased wall thickening, and reduced the peak of left ventricular wall stress. The apparent efficacy of this medication may be attributed to inhibition of autoantibodies, such as anti-a myosin, whose prevalence is increased in patients with dilated cardiomyopathy due to competition with Fc receptors 31 . It is known, however, that development of antibodies by the patient may establish an "immunologic incompatibility" and the immunoglobulin infusions may cause a paradoxical effect, increasing HIV infection. This occurs with monthly transfusions of fresh plasma with high concentration of vasoactive intestinal peptide antibodies (anti-VIP), which has the beneficial effect of increasing CD4 count and reducing the viral load, therefore replacing the intravenous immunoglobulin 32 . In our patients, CMV infection was controlled with ganciclovir, except in some patients in group 1, in whom the infection was detected later or at autopsy, with no time for an effective administration of the drug. In the other 2 groups, a more strict control of opportunistic infections usually occurred. Because the same drug for the treatment of heart failure was used in the 3 groups, the control of HIV viral load and of the associated infections may explain the lower number of cardiac complications.
In conclusion, the patients receiving only zidovudine as an antiretroviral agent usually had a higher incidence of clinical complications and worse evolution of the cardiac manifestations as compared with the most recent patients, who received combinations of drugs.
